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Introduction
Caveolae are uncoated, flask-shaped invaginations of the plasma membrane, 50-100 nm in diameter. Since the first description of caveolae more than 40 years ago, various functions have been postulated, primarily on the basis of morphological studies. For example, it has been thought that caveolae are engaged in the transcytosis of blood-bome macromolecules in endothelial cells (Simionescu, 1983) . During the past few years, several molecules were discovered to be localized in caveolae. Some of them were found concentrated in caveolae by immunocytochemical techniques. VIP2llcaveolin was the first to be reported . We found by immunoelectron microscopy that an inositol 1,4,5-trisphosphate receptor-like protein and a plasmalemma1 Ca2+ pump are distributed in caveolae and proposed their engagement in influx and extrusion of CaZ' (Fujimoto, 1993; Fujimoto et al., 1992) .
On the other hand, a detergent-insoluble fraction obtained by sucrose density-gradient centrifugation was markedly enriched with VIP2l/caveolin and was proposed to represent isolated caveolae (Lisanti et al., 1994b; Sargiacomo et al., 1993) . Because the fraction contained various molecules related to intracellular signaling, it has been hypothesized that caveolae are related to signal transduction at the cell surface (Lisanti et al., 1994a; Anderson, 1993) .
The detergent-insoluble fraction was also significantly enriched with GPI-anchored proteins, glycosphingolipids, sphingomyelin, and cholesterol (Brown and Rose, 1992) . Some immunocytochemical experiments showed that GPI-anchored proteins were indeed segregated in caveolae Rothberg et al., 1990 ). However, it was reported recently that caveolar sequestration of GPIanchored proteins occurs only after crosslinking by antibodies, and may not reflect the distribution of these proteins in vivo (Mayor and Maxfield, 1995; Mayor et al., 1994) . The result of biophysical techniques was consistent with the latter conclusion. Whereas newly transported GPI-anchored proteins are clustered in the plasma membrane, the resident population is not (Hannan et al., 1993) . Furthermore, the detergent-insoluble fraction containing the same major constituents can be isolated from lymphocytes and neuroblastoma cells which lack caveolae (Gorodinsky and Harris, 1995; Fra et al., 1994) .
The above results have questioned the identity of the detergentinsoluble fraction, but how molecules included in the fraction are distributed in cells in situ has remained to be clarified. In the present experiment, I attempted to examine the distribution of glycosphingolipids and sphingomyelin by immunocytochemistry and to compare their behavior with GPI-anchored proteins when crosslinked by antibodies. For this purpose, a mouse keratinocyte cell line (Pam 212) stably transfected with a GPI-anchored protein, Thy-1.2, was used. In this cell line, the caveola-specific inositol 1,4,5-trisphosphate receptor-like ~~O -K D protein (Fujimoto et al., 1992) is distributed densely near the cell-cell interface . As expected from previous results, crosslinked Thy-1.2 accumulated in caveolae; several glycosphingolipids and sphingomyelin also showed a similar redistribution after crosslinking. However, these molecules were not concentrated in caveolae when the secondary antibody was applied after fixation. The sequestration of the crosslinked molecules in caveolae persisted even in the presence of cytoskeletondisruptive reagents. These results indicate that caveolar sequestration of glycosphingolipids and sphingomyelin, as well as GPIanchored proteins, occurs only after crosslinking by a mechanism that does not require an intact cytoskeleton.
Materials and Methods
Antibodies. Mouse monoclonal anti-Thy-1.2 antibody (clone HO-13-4; IgM), rabbit anti-mouse B2-microglobulin serum (Natori et al., 1976) . mouse anti-lactosyl ceramide antibody (clone TrA7; IgM) (Symington et al., 1984) and mouse anti-ceramide tetrahexose antibody (clone H-8; IgM), anti-sphingomyelin antibody (clone VJ-41; IgM) (Hirota et al., 1995) , and anti-phosphatidylcholine antibody (clone JE-1; IgM) (Nam et al., 1990) were generously provided by Dr. Tatsuo Kina (Kyoto University, Research Institute of Chest Diseases), by Dr. Takashi Natori (PALM Institute), by Dr. Reiji Kannagi (Aichi Cancer Center), by Dr. Yoshio Hirabayashi (The Institute of Physical and Chemical Research), by Dr. Masato Umeda (The Tokyo Metropolitan Institute of Medical Science), respectively. Rat monoclonal anti-Thy-1.2 antibody (clone 30-Hl2; IgG2b), rat monoclonal anti-mouse transferrin receptor antibody (clone C2; IgG2,), mouse anti-Forssman antigen antibody (clone KM174; IgM), and mouse anti-caveolin antibody (clone 2034; IgG) were purchased from Gibco BRL (Gaithersburg. MD). Pharmingen (San Diego, CA), Kyowa Medics (Tokyo, Japan), and Zymed (South San Francisco, CA), respectively.
Cells.
A mouse transformed keratinocyte cell line, PAM 212 (Yuspa et al., 1980) , was transfected with mouse genomic DNA of Thy-1.2 cloned into EcoRI site of pBSV (kindly provided by Dr. Ken-ichi Isobe, Nagoya University) by electroporation. Neomycin-resistant colonies were isolated and examined for expression of Thy-1.2 by immunofluorescence microscopy. The labeling was not observed when cells were pretreated with phosphatidylinositol-specific phospholipase C (a kind gift of Dr. Martin G. Low.
Columbia University), which confirmed that the protein is expressed in a GPI-anchored form. The stably transfected cell line was cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum.
Immunofluorescence Microscopy. Cells cultured on glass coverslips were cooled for 15 min and incubated on ice for 60 min with primary antibodies against various membrane proteins and lipids. After rinses, a group of cells were fixed in a mixture of 3% formaldehyde and 0.5% glutaraldehyde for 30 min on ice, treated with 1 mg/ml sodium borohydride for 5 min and with 3% bovine serum albumin (BSA) for 30 min. and incubated with FITCor rhodamine-conjugated secondary antibodies (Jackson Im-munoResearch Lab; West Grove, PA) for 60 min on ice. A second group of cells were treated with the secondary antibodies without fixation and, after rinsing with ice-cold buffers, were either fixed immediately with buffered 3% formaldehyde for more than 30 min on ice or incubated for various periods of time at 37% and then fixed similarly. The fixation protocol was chosen to minimize the mobility of GPI-anchored proteins and to avoid autofluorescence caused by glutaraldehyde (Mayor et al., 1994) . A third group of cells were treated with the antibodies and observed without fixation by inverting coverslips on a small chamber filled with a physiological buffer.
For most experiments, clone HO-13-4 (mouse IgM) was used as anti-Thy-1.2 antibody; clone 30-H12 (rat IgG) gave the same result and was used for double labeling with mouse antibodies. Immunofluorescence samples were observed under a Zeiss Axiophot microscope and photographed on Kodak T-max 400 film (Rochester, NY).
To examine the effects of various reagents, cells were treated with 1 pM cytochalasin D, 10 pM colchicine (Sigma; St Louis, MO), 10 pM nocodazole (Aldrich Chemicals; Milwaukee, WI), or a mixture of 1 pM cytochalasin D and 10 pM nocodazole for 2 hr before application of antibodies. The reagents were also included in the antibody solutions and during the incubation at 37'C. h u n o e l e c t r o n Microscopy. Cells on coverslips were treated in a similar manner as above, and gold-conjugated goat anti-mouse IgM antibody (Chemicon International; Temecula. CA) and anti-rat IgG antibody (Amersham; Poole. UK) were used as the secondary antibody. After various treatments, they were fixed in 2% glutaraldehyde buffered with 0.1 M sodium phosphate to pH 7.4. For observation of ultrathin sections, they were further treated with 0.2% tannic acid, fixed in l% 0~0 4 , dehydrated with ethanol, and embedded in Spurr's resin. Samples were re-embedded to obtain sections vertical to the substratum. Ultrathin sections were counterstained with uranyl acetate and lead citrate and observed in aJEOL 2000EX electron microscope.
For freeze-fracture electron microscopy of prelabeled specimens, glutaraldehyde-fixed samples were soaked in 25% glycerin, inverted on a mixture of polyvinyl alcohol and glycerin (Pauli et al., 1977) , and frozen in liquid nitrogen slush. They were freeze-fractured at -110°C in a Balzers BAF401 apparatus (Balzers High Vacuum; Balzers, Liechtenstein). The platinumkarbon replicas were observed after extensive rinses in water without digestion (Pinto da Silva and Kan, 1984) . For quantitation of caveolae containing crosslinked molecules, the percentage of round bumps containing more than one gold particle within their perimeter was measured manually on enlarged positive prints of randomly selected areas.
Some cells grown on gold coverslips were quick-frozen by pressing on a metal block cooled by liquid nitrogen and freeze-fracture replicas were prepared. They were treated with 2.5% sodium dodecyl sulfate for 2 hr to overnight, incubated with 1% BSA, and sequentially labeled with mouse anti-caveolin antibody and gold conjugated goat anti-mouse IgG antibody (Fujimoto, 1995) .
Results

Distribution of Thy-1.2, /3z-microglobulin, and Transferrin Receptor in Untreated State and A f e r CrossZinking
To study the behavior of GPI-anchored proteins, Thy-1.2 was stably transfected in Pam 212 cells. Thy-1.2 was chosen as a model protein because it is well characterized and specific antibodies are readily available. When the transfected cells were incubated with an anti-Thy-1.2 antibody on ice, fixed with glutaraldehyde, and fluorescent secondary antibody was applied (cells treated in this manner will be referred to hereafter as "fiued"), the labeling was ob-served evenly on the cell surface; a slight undulation in the labeling intensity was seen, but it could not be resolved as distinct points by fluorescence microscopy (Figure 1A ). As reported recently (Mayor et al., 1994) . it was distinct from the labeling in larger dots which were obtained in cells labeled without fixation (Figure 1B) . When the cells treated with the antibodies were transferred to 37°C. the immunofluorescent spots decreased in number, became larger in size, and tended to congregate in thecell periphery in 10 min ( fixed (B,E,G) . incubated at 37% for 10 min (C), or for 30 min (D,F,H). Thy-1.2 is seen evenly in the cell surface of the fixed sample; without fixation it forms fine dots, which gradually accumulate at the cell periphery at 37%. PFMicroglobulin has a pattern similar to that of Thy-1.2. whereas transferrin receptor is concentrated at the cell center at 37%. Bars = 10 pm. ure IC). At 30 min. the spots became coarser and mostly concentrated along the cell-cell contacts ( Figure ID) . The same redistribution was observed whether mouse IgM (clone HO-13-4) or rat IgG (clone 30-H12) was used as anti-Thy-1.2 antibody, and irrespective of the level of the Thy-1.2 expression in different colonies. Nonimmune IgGs and IgMs did not cause any labeling, and Pam cells without transfection were not labeled by anti-Thy-1.2 antibodies.
To examine if the final treatment with formaldehyde affected the distribution of bound antibodies, some cells were observed without fixation. The redistribution of Thy-1.2 was seen in the same manner as above, as was the distributional change of glycosphingolipids and sphingomyelin described below (data not shown). Therefore, fixation apparently did not affect the result.
The general distribution of caveolae did not change when Thy-1.2 or other cell surface molecules were crosslinked and redistributed, confirmed by specific decoration with anti-caveolin antibody (Fig  ure 3 ).
In the fixed cells, immunogold particles labeling Thy-1.2 were dispersed mostly as single particles throughout the cell surface and were rarely seen in caveolae ( Figure 4A ). However, when the antibody treatment was performed on ice without fixation, they were seen as clusters and some coincided with caveolae ( Figure 4B ). After the 30-min incubation at 37"C, gold particles made larger aggregates and occupied caveola-rich regions ( Figure 4C ). The scarcity of the labeled caveolae in the fixed cell and its increase after crosslinking and incubation at 37°C are shown in Zble 1.
Redistrib24tiofl of Sph*%ol$ids After Crodznkzng by Antibodies
as far as could be observed bY immunofluorescence microscoPY Of caveo1in (data not shown). As shown be10W bY immunoelectron mi-croscOPY~ the peripheral %greetion Of i"unofluorescence labeling Among several glycosphingolipids examined by immunofluorescence mic-osopy, lactosyl ceramide, ceramide tetr&exose, and Fomman antigen were found positive in Pam 212 cells, Because the three glycosphingolipids behaved in the same manner in the following corresponds to caveolae.
For comparison, two Other membrane proteins* P2-microg10bulin (P2-m) and transferrin recept"r (TfR), expressed endogenously experiments, only the result oflactosyl ceramide will be shown below. The labeling was verified to be specific because it was cornin Pam 212 cells, were also crosslinked with respective antibodies and the redistribution was pursued. Both were distributed throughout the entire surface when incubated with antibodies on ice and incubation, P2-m became denser near the cell-cell contacts in a linked TfR formed larger spots, but they were seldom observed in area around the nuc1eus ( Figure IH) . These resu1ts showed that crosslinked P2-m and TfR take different pathways. which was consistent with reports that B2-m and TfR are endocytosed through caveolae and clkthrin-coated pits, respectively (Hopkins et d., 1985; Huet et al., 1980; Ash et al., 1977) .
Immunoelectron Microscopy of Thy-1.2 in Thin
Sections and Freeze Replicas
The redistribution of Thy-1.2 was similarly induced by using the gold-conjugated secondary antibody. In cells labeled on ice and fixed immediately, the gold particles were seen on the apical cell surface without marked concentration (Figure 2A) ; most of them existed as clusters of several particles, as reported for other GPIanchored proteins Rothberg et al., 1990) . Some gold particles were seen in or close to caveolae but most of them were present in the noncaveolar portion of the membrane. After the incubation for 30 min at 37"C, the labeling was concentrated in caveolae near the cell-cell contacts (Figure 2b) . In a majority of cases, caveolae containing immunogold particles were in clusters and were often associated with microvilli.
To examine the two-dimensional relationship between the gold particles and caveolae, freeze-fracture replicas were observed without digestion ("label-fracture") (Pinto da Silva and Kan, 1984) . In this preparation, immunogold particles binding to the exoplasmic leaflet of the apical plasma membrane are retained and their twodimensional distribution can be observed. Caveolae were seen as round dents of uniform diameter on the P face; their identity was p~etely diminished by preincubating the antibody with liposomes containing lactosyl ceramide. ln the fixed specimens, the labeling for lactosyl ceramide was Seen on the entire surface, without marked the primary and secondary antibodies on ice before fixation, rhe incubation at 3 7 0~ for 30 min it appeared as large dots and befracture procedure showed that the dots were diffusely distributed in the fixed cells ( Figure 6A ) and that the crosslinking and incubation at 37°C for 30 min caused concentration in and around caveolae pigure 6C; Table 1 ).
The specificity of the anti-sphingomyelin antibody in Pam cells was confirmed by the following experiments: First, the labeling was not observed when the antibody was preabsorbed with sphingomyelin liposome. Second, pretreatment of cells with sphingomyelinase (50 mUlml, 4 hr) abolished the reaction. And third, antiphosphatidylcholine antibody reacted with F" cells in a completely different pattern. The labeling for sphingomyelin was seen as a mosaic of various shapes ( Figure 5B ). After crosslinking, it became coarse fluorescent spots and was often concentrated to the cell periphery ( Figure 5D ). However, the ratio of cells showing the peripheral concentration was smaller compared to that for Thy-1.2 and glycosphingolipids. Label-fracture of the fixed cells showed that the labeling for sphingomyelin was in large patches and was mostly absent in caveolae ( Figure 6B ). After crosslinking and the 37°C incubation, the majority of immunogold particles were found in caveolae (Figure 6D ; Table 1 ).
immediateb fived ( Figufes 1E and 1G ). However, after the 37°C concentration ( Figure SA) , When specimens were incubated with Similar manner as ThY-1.2 ( Figure IF) . On the other hand, Crossthe ce11 periphery. Most Of them were distributed in the centra1 labeling occurred as very fine points distributed evenly, and after came concentrated near the cell-cell contact ( Figure 5C ). The label.
Co-patching Of Thy-1.2 and Sphingol$idJ
TO investigate the relationship between patches formed by Thy-1.2 and sphingolipids, cells were treated with two antibodies simultaneously and incubated for various times at 37°C. Immediately after the antibody treatment on ice, dots formed by the antibodies were small, and whether they overlapped each other was difficult to discem by light microscopy (not shown). However, after 5 min of incubation at 37°C. Thy-1.2 and lactosyl ceramide were observed to make common patches by immunofluorescence microscopy (Figures 7A and 7B) . At 30 min the two antigens showed a peripheral concentration in virtually the same pattern (Figures 7C and  7D) . The co-patching and sequestration in same caveolae were confirmed by label-fracture electron microscopy ( Figures 8A and 8B) .
The same co-localization was seen when Thy-1.2 and sphingomyelin were crosslinked simultaneously (not shown).
On the other hand, when lactosyl ceramide alone was crosslinked and allowed to concentrate in caveolae. and then Thy-1.2 was labeled on ice, the distribution of Thy-1.2 remained even on the entire cell surface ( Figures 7E and 7F) . Similarly, when Thy-1.2 alone was sequestered in caveolae, lactosyl ceramide remained dispened (not shown). That is, the caveolar sequestration of one antigen did not affect the distribution of the other antigen.
Efects of Cytoskeleton-Disruptive Reagents on Redrjtribution of Crosshnhed Thy-1.2
Cells were pretreated with reagents that disrupt the cytoskeleton, and their effects on the redistribution of crosslinked Thy-1.2, lactosyl ceramide, and sphingomyelin were examined. The reagents were continuously present in the medium until cells were finally fixed. Their effects on the caveolar sequestration were virtually the same for the three antigens. The results with Thy-1.2 will be shown below. Treatment with 1 pM cytochalasin D for 2 hr disorganized actin filaments and induced clustering of caveolae . However, sequestration of immunogold particles to caveolae was observed to occur by label-fracture electron microscopy ( Figure 9A ). By treating cells with 10 pM nocodazole or 10 pM colchicine for 2 hr. most microtubules were depolymerized, as confirmed by immunofluorescence microscopy of tubulin (data not shown). In these cells, the peripheral area of the apical membrane lacked caveolae for the most part (Fujimoto, unpublished observation) , but freezefracture electron microscopy revealed that immunogold labeling for Thy-1.2 was concentrated in and around caveolae ( Figure 9B) . The caveolar sequestration of the crosslinked molecules persisted even in cells treated with a mixture of 1 pM cytochalasin D and 10 pM nocodazole (not shown).
Discussion
Endocytosis of crosslinked GPI-anchored proteins and gangliosides by caveolae has been reported in various cells (Parton, 1994; Keller et al., 1992; Ying et al., 1992; Parton et al., 1988; Tran et al., 1987; Montesano et al., 1982) . The present study revealed that nonsialylated glycosphingolipids and sphingomyelin are also sequestered in caveolae after crosslinking. This result indicates that caveolae recruit crosslinked sphingolipids irrespective of their hydrophilic head groups and carbohydrate chains. Furthermore, when crosslinked simultaneously, GPI-anchored proteins and sphingolipids became segregated and sequestered in the same caveolae, implying an underlying common mechanism for their redistribution.
A majority of cellular GPI-anchored proteins, glycosphingolipids, and sphingomyelin are recovered in a Triton X-100-insoluble. lowdensity fraction (Zurzolo et al., 1994; Brown and Rose, 1992) . The Triton X-100-insoluble fraction was enriched with VIP2l/caveolin and was therefore proposed to represent isolated caveolae (Sargiacomo et al., 1993) . Inclusion of trimeric GTP-binding proteins, ITC family nonreceptor tyrosine kinases, and other signaling molecules in the putative caveolar fraction led to a further proposal that caveolae are involved in many aspects of signal transduction (Lisanti et al., 1994a; Anderson, 1993; Sargiacomo et al., 1993) .
However, this study as well as that of Mayor et al. (19%) demonstrated that GPI-anchored proteins are not concentrated in caveolae in untreated cells. The present experiment also indicated that glycosphingolipids and sphingomyelin are not concentrated to caveolae and segregate only after crosslinking. Moreover, GP1-anchored proteins and ganglioside GMI are present in the detergentinsoluble complex even in cells lacking caveolae (Gorodinsky and Harris, 1995; Fra et al., 1994) . These results suggest that some molecules concentrated in the detergent-insoluble fraction do not reside in caveolae in situ, i.e.. in addition to caveolar components, the fraction is likely to contain molecules derived from the noncaveolar region of the plasma membrane and Golgi membranes.
Because lipid molecules may retain translational mobility after glutaraldehyde fixation (Stein and Stein, 1971). even the fmed spec- imens may not reveal their distribution in situ. One possibility is that they are concentrated in caveolae in situ but are dispersed by binding to primary antibodies and segregated again by extensive crosslinking by secondary antibodies. At present it is hard to refute this possibility; a fixation method to stabilize lipid molecules must be used to solve this problem. However, as to GPI-anchored proteins, a method using cationic silica coating showed that they are excluded from caveolae and appear to form a separate domain (Schnitter et al., 1995) . The method itselfmight have induced redistribution of GPI-anchored proteins (Parton and Simons, 1995) , but it is more likely that the coating stabilized GPI-anchored proteins and made them resistant to the redistribution caused by Triton X-100 (Mayor and Maxfield, 1995) . It would be of interest to know if all sphingolipids are concentrated in the purified caveola fraction. Thy-1.2 and sphingolipids formed common patches and aggregated in common caveolae when treated with two antibodies simultaneously. On the other hand, when only sphingolipids were crosslinked and sequestered in caveolae, Thy-1.2 remained uniformly distributed, as did sphingolipids when only Thy-1.2 was crosslinked. This result suggests that co-segregation of GPI-anchored proteins and sphingolipids might not take place in untreated cells and occurs only when both are simultaneously crosslinked with their respective antibodies. The mechanism of co-segregation and subsequent co-sequestration to caveolae is not known, but it is possible that transmembrane protein(s) having affinity with these molecules may be involved (Brown, 1992) . In this context, it is noteworthy that a CHAPS-insoluble transmembrane protein, VIP36, is diffusely distributed in untreated cells and is concentrated to caveolae after crosslinking (Fiedler et al., 1994) .
At the resolution of current fluorescence microscopy, the distribution of Thy-1.2 and glycosphingolipids appeared diffuse in fixed cells. Electron microscopy also did not show clusters of immunogold particles. The result indicates that glycolipid rafts proposed to occur in the trans-Golgi network (Simons and Wandinger-Ness, 1990; Simons and van Meer, 1988) or in the detergent-insoluble, glycosphingolipid-enriched domain (Parton and Simons, 1995) could not be visualized by the present method, if they exist in the plasma membrane. The possibility remains that domains formed by GPI-anchored proteins and glycosphingolipids are too small to be detected by the present technique, because several hundred lipid molecules could exist under a single gold particle (Rock et al., 1990) . It is probable, however, that domains as large as a whole caveola or isolated detergent-insoluble complex, 50-100 nm in diameter (Sargiacomo et al., 1993; Cinek and Horejsi, 1992) . are not present in the plasma membrane in situ.
The caveolar concentration of crosslinked GPI-anchored proteins and sphingolipids appears similar to capping in lymphocytes. However, capping of GPI-anchored proteins, ganglioside G M~, and Forssman antigen in lymphocytes was inhibited by cytochalasins alone or by a mixture of colchicine and cytochalasins (Kammer et al., 1988; Bourguignon et al., 1981; Stem and Bretcher, 1979; Revesz and Greaves, 1975; Craig and Cuatrecasas, 1975) . whereas caveolar sequestration was not. T h i s indicates that the caveolar sequestration of crosslinked molecules does not require an intact cytoskeleton and may be mediated by a mechanism different from the one responsible for capping in lymphocytes.
Despite the differences in the mechanistics, however, capping in lymphocytes and caveolar sequestration in nonlymphoid cells have many interesting similarities. For example, in nonlymphoid cells, crosslinked transmembrane proteins and GPI-anchored pro- teins are internalized through coated pits and caveolae. respectively (Keller et al., 1992; Ying et al., 1992) . In lymphocytes. both types of proteins form caps when crosslinked, but only transmembrane proteins are endocytosed by coated pits (Bamezai et al., 1992) . The structure through which GPI-anchored proteins are internalized has not been identified, but it might be a counterpart ofcaveolae. Second, crosslinking of GPI-anchored proteins induces an influx of Ca2+ and tyrosine phosphorylation of multiple intracellular proteins in T-lymphocytes (Robinson, 1991) . The Ca2+ influx is probably mediated by a plasmalemma1 inositol 1.4.5-trisphosphate receptor that co-caps with T-cell receptors (Khan et al.. 1992 ). On the other hand, in caveolae of nonlymphoid cells, a protein analogous to inositol 1,4,5-trisphosphate receptor is localized (Fujimoto et al., 1992) . The tyrosine phosphorylation induced by crosslinking of GPlanchored proteins in lymphocytes is believed to be mediated by the src family members p6OfY" and/or p561ck, which co-precipitate 1992; Th0mas and .%"son. 1992; Stefanova et al., 1991) . Among nonlymphoid cells, co-precipitation of ~6 0 '~" with a GPI-anchored protein was observed in Hela cells (Shenoy-Scaria et al. 1992 ). Therefore, caps of GPI-anchored proteins in lymphocytes and caveolae in nonlymphoid cells appear to be equipped with similar functional molecules. It is intriguing to examine whether crosslinking of GPI-anchored proteins in nonlymphoid cells induces an influx of Ca2' and/or tyrosine phosphorylation.
In summary, this study showed that GPI-anchored proteins and sphingolipids are not concentrated in caveolae in untreated cells. Rather, they are sequestered in caveolae when crosslinked with two layers of antibodies in a cytoskeleton-independent manner. The results suggest that there exists a mechanism for recruiting GPIanchored proteins and sphingolipids to a common domain and finally to caveolae, but that it is activated only when those molecules are crosslinked.
